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Abstract—The alkali extraction of polysaccharide fractions from depectinated primary cell walls of lupin hypocotyls
was studied using sequential extractions at 0° and 18-22°. Aqueous 109, KOH at 0° removed hemicellulose-A
(95%) heteroglycan-B (80%,) and linear 1-4 linked hemicellulose-B (60%,). Arabinose accounts for 88, of the monosac-
charides of the linear {4 linked hemicellulose-B extracted between 2 and Sh at 18-22°, Extraction of the 0°
and 18-22° alkali-soluble fractions by denaturants, was also examined. 6M guanidine thiocyanate removed about
60%; of the 0° 109, KOH soluble polysaccharide but little of the 18-22° soluble material. Although rapidly extracted
by 10% KOH at 0° the hemicellulose-A is not extracted by this reagent. Analyses of cell walls and extracted
fractions showed that there is little change in amino acid composition and little extraction of wall protein upon
removal of about 60% of total wall hemicellulose with 109, KOH at 0°. It is therefore not bound to the wall
through galactosylserine links. 109, KOH at 18-22° caused a marked change in composition and extracted most
of the wall protein. An alkali resistant fraction high in hydroxyproline and low in serine was not extracted by

24°%, KOH at 18-22° in 24 hr.

INTRODUCTION

Polymers in growing plant cell walls bind together by
covalent and non-covalent bonds [1]. The degree to
which the two types of linkage are responsible for cohe-
sion of total wall polymers is not clear, although polymer
cross-linking is central to most hypotheses which explain
the growth of primary cell walls. Keegstra et al. [2] sug-
gest that the polysaccharide and protein polymers of the
primary wall matrix are all glycosidically linked to form
a macromolecular complex, while at the other extreme
Rees and Wight [3] suggest that intact plant walls can
be completely dispersed without breaking covalent
bonds.

We have found [4] that some polymer can be removed
from depectinated lupin hypocotyl cell walls with urea,
sodium dodecyl sulphate (SDS) and guanidinium thio-
cyanate (GTC), reagents known to disrupt non-covalent
but not glycosidic bonds. However, most of the matrix
requires more vigorous conditions for its extraction.
Treatment with 102, KOH at 0° for 4 hr removes about
two thirds of the 10%, KOH soluble material (most of
the hemicellulose) while the remainder is extracted at
18-22". The latter extract contains most of the wall hy-
droxyproline, indicating the presence in it of the proposed
wall glycoprotein, extensin. Much of the extensin hydroxy-
proline [5] and serine [6] are known to be glycosidi-
cally linked to sugars, and are postulated to play a role
in the control of wall extensibility by covalent cross-link-
ing to the polysaccharides [5]. Release of extensin from
the wall under alkaline conditions is explained by the
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rupture of galactosylserine [6] and peptide bonds. The
time course of polymer extraction with 105, KOH at
0° and subsequently at 18-22° has also been examined
[7]; hydroxyproline and monosaccharide analyses
showed that the composition of the extracted non-dialys-
able polymer varied with time over the extraction se-
quence.

Our studies of such time course extractions have now
been extended to include the various polysaccharide frac-
tions present in the extracted polymer. The extent to
which denaturants (GTC and urea) can extract the same
wall polymers which are soluble in 107, KOH at 0° and
18-22° respectively, has also been studied. The fate of
extensin during extraction has been further investigated
by examining the constituent amino acids of the various
fractions isolated from the alkaline extracts. These and
other results are discussed in relation to the structure
of the primary plant cell wall.

RESULTS AND DISCUSSION

Extraction of polysaccharide fractions from depectinated
lupin hypocotyl cell walls

A time course of 10%;, KOH extraction of polymer
from neutral detergent extracted cell walls was conducted
as outlined in Table 1. At the end of each stage in the
sequence the flask contents were filtered, the filtrate
acidified and the residue subjected to the next stage in the
sequence. Acidified filtrates were left overnight and then
centrifuged to remove the precipitate of hemicellulose-A.
The hemicellulose-B supernatants were fractionated
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Table 1. Sequence of 10%, KOH extractions of depectinated Lupin hypocotyl
cell walls

Stage in sequence 1 2 3 4 S 6 7

Filtering time (from

sequence start) hr 4 12 145 17 195 305 585
Duration of

extraction (hr) 4 8 25 25 25 11 28
Temperature of

extraction 0> €— 1822° ——>

into linear 1-4 linked polysaccharide and more highly
branched heteroglycan-B by iodine precipitation of the
former from CaCl, solution as described by Gaillard and
Bailey [8]. Subsequent work (see below) showed the
iodine precipitated polysaccharide to consist of 2 fractions
both of which gave. in CaCl, a heavy bluc precipitate
with iodine. These were (a) a fraction dispersed but not
dissolved in CaCl, (“CaCl, insoluble™) and (b) a truly
soluble fraction. In the first part of this work these frac-
tions were isolated together and are referred to as total
1-4 linked linear hemicellulose-B. Amounts of the hemi-
cellulose fractions are shown in Fig. 1. The sum of the
fractions extracted per hr indicates that the rate of ex-
traction of total hemicellulose is, at both temperatures,
initially rapid but declines, especially at 0°. A striking
feature of Fig. 1 is thc almost complete extraction of
hemicellulose-A (over 95%) during stage 1 of the extrac-
tion sequence. Apparently the hemicellulose-A is either
bound to the wall by bonds which are extremely alkali
labile or is not bonded at all.

About two thirds of the 14 linked polysaccharide
(iodine precipitated) was extracted at 0°. It therefore
showed a distribution between the 0° and 18-22° 10%
KOH fractions similar to that previously found [4,7]
for the total polymer of lupin hypocotyl cell walls. Most
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Fig. 1. Fractions isolated from extracts of sequence shown
in Table 1.

of the heteroglycan-B was also extracted by 10% KOH
at 0", although apparently at a slower rate than other
fractions. A slight increase occurred during stages 4 and
S of the extraction sequence at which points much of
the polymer was possibly derived from degradation of
the extensin—polysaccharide complex of the wall [7].

Composition of polysaccharide in fractions isolated from
0° and 18-22° 10% KOH extracts

Monosaccharide compositions of the fractions shown
in Fig. 1 are presented in histogram form in Fig. 2. In
hemicellulose-A the predominant monosaccharide was
xylose (74:2%,) and although it was only 12% of the
polymer extracted during stage ! of the sequence it would
contribute significantly to the high xylose level pre-
viously reported [7] for total polymer extracted during
the first hour at 0°. There is a sharp increase in glucose
content from 6 to 60% of the hemicellulose-A between
stages | and 4 of the extraction sequence. The hemicellu-
lose-A is however a very minor component of polymer
extracted after stage 1.

Total 1-4 linked hemicellulose-B, being the bulk of the
extracted polymer, showed the same trends in monosac-
charide composition over the sequence as were found
in total polymer [7]. The overall composition of the
lupin hypocotyl total 1-4 linked hemicellulose-B, in con-
taining significant amounts of galactose, is different to
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Fig. 2. Monosaccharide composition of fractions isolated from
extracts of sequence shown in Table 1.
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that reported [9] from a number of legumes and grasses.
This could be because lupin hypocotyl contains mainly
primary wall whereas a high degree of secondary thick-
ening had occurred in the legumes and grasses [9]. The
high galactose level of the hypocotyl fraction might also
reflect more extensive cross-linking of wall polymers
through galactosylserine bonds to extensin.

The 0° and 18-22° hemicellulose-B fractions were of
different composition. Thus material extracted at 0° con-
tained between 20 and 40°% each of xylose and glucose.
In contrast, as a percentage of total 1-4 linked hemicellu-
lose-B from each stage in the 18-22° extraction there
was (a) a decrease in galactose followed by a rise and
(b) an increase in arabinose to 86%; of 14 linked polymer
at stage 4 followed by a slight decline. This pattern prob-
ably reflects the release of peptide bound arabinose on
fragments of extensin, which has a high level of hydroxy-
proline substituted with (arabinose) 1-4 linked oligosac-
charides [5]. The maximum rates of arabinose and hy-
droxyproline release by 109, KOH at 18-22° after prior
0° 10%, KOH extraction have already been shown to
coincide [7]. Furthermore, differential dialysis of ara-
binose and galactosecontaining material from alkaline
hydrolysates of total wall suggests that the arabinose
resides partly in fragments which are smaller than those
containing galactose [10].

Hemicellulose-B heteroglycan was at all stages a minor
fraction and most was extracted at 0°, during stages 1
and 2. Its composition at these stages was similar to
that already reported for such heteroglycan from legumes
and grasses [9] with the exception of the presence of
mannose, which is typical of polysaccharide tightly
associated with the cellulose microfibrils. Such mannose
polymers generally require treatment with 24%, KOH at
room temperature to extract them [7,8] and even then
some mannose usually remains in the 249, KOH-insol-
uble “cellulose” fraction. The mannose polymer in the
heteroglycan-B differs from that in the 24%, OH soluble
hemicellulose both in its facile extraction and in its
nonprecipitation from CaCl, solution by iodine.

Heteroglycan-B extracted at 18-22° differs from that
extracted at 0° and from total hereroglycan-B of other
plants in that it contains virtually no galactose and has
higher levels of arabinose. The arabinose levels are con-
sistent with the presence of peptide fragments bearing
arabinose oligosaccharide side chains. Hydroxyproline
has been shown to comprise about 3% of the heterogly-
can-B from total hemicellulose but to be absent from
the 0° soluble polysaccharide [7]. The total heterogly-
can-B hydroxyproline therefore resides solely in the
18-22° heteroglycan-B which would be about 129 hyd-
roxyproline by weight. Most of the arabinose could
therefore be accounted for as hydroxyproline-linked
tetraarabinosides.
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Centrifugation of total 1-4 linked hemicellulose-B in solu-
tion in CaCl, S.G. 1-3

When the CaCl, solution of hemicellulose-B, clarified
by brief centrifuging, is subject to prolonged centrifuging
before adding iodine much polymer is spun down as a
gelatinous mass. The monosaccharide composition and
weights of total 0° and 18-22° hemicellulose-B separated
into material spun from CaCl, solution and present in
the supernatant, respectively, are shown in Table 2. It
is evident that some degree of separation has been
achieved with the “CaCl, insoluble” fractions enriched
in galactose and arabinose. When the “CaCl, insoluble”
material was resuspended in CaCl, solution and I,KI
added a dense blue precipitate was formed indicating
the presence of predominantly linear 1-4 linked polysac-
charide [11]. The presence of 7M urea in the CaCl,
solution prevented the “CaCl, insoluble” material from
being spun down, suggesting that the insolubility was
at least partly due to polymer interactions in solution.
The extent to which the “CaCl, insoluble” polymer
contained material not precipitated by iodine was not
investigated. Whether the “CaCl, insoluble” galactose-
arabinose polymer is an extensin—polysaccharide complex
or a linear arabinogalactan which can react with iodine in
CaCl, remains to be established. lodine precipitation in
CaCl, requires the polymer to have a helical configur-
ation [11]. It is doubtful that peptide linked tetraara-
binose could form a helix.

CaCl,-insoluble and CaCl,-soluble hemicellulose-B from
high and low growth rate regions of Lupin hypocotyl

It has been shown that the total 1-4 linked polymer
from the lower 2 cm (non growing [10]) region of a 6cm
lupin hypocotyl has a greater proportion of arabinose
and galactose relative to xylose than the upper rapidly
growing 2cm region [4]. This is consistent with the
greater content of extensin in the lower region, where
it could cross link via arabinosylhydroxyproline and
galactosylserine to other wall polymers. To see whether
arabinose and galactose increases could be localized in
either the CaCl, insoluble or CaCl, soluble iodine preci-
pitable fractions of Table 2 these fractions were separated
in hemicellulose extracts from walls of both lower and
upper hypocotyl regions. The results are shown in Table
3. Although increases in arabinose between upper and
lower regions occur in both fractions an increase in
galactose is seen only in the CaCl, soluble 1-4 linked
fraction.

Amino acid composition of polysaccharide fractions of
lupin hypocotyl

Additional information on the involvement of cell wall
protein in the polysaccharide fractions was obtained

Table 2. Extraction of CaCl,-soluble and CaCl,-insoluble hemicellulose from 6 cm Lupin hypocotyl cell walls by 109, KOH

Monosaccharide composition

Extraction (relative to xylose)
temperature Fraction Weight* Xyl Ara Gle Gal
0 CaCl;-soluble 86 1 019 0-38 048
0 Ca(l;-insoluble 47 1 101 0-36 1-65
20 CaCl,-soluble 18 t 1-45 0-29 0-66
20 CaCl,-insoluble 24 1 348 0-28 474

* mg/g of neutral detergent extracted cell wall.

rivTO 151 0
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Table 3. Extraction of CaCl,-soluble and CaCl,-insoluble hemicellulose from upper and lower 2cm regions of 6cm Lupin
hypocotyls by 109, KOH

Monosaccharide composition

Hypocotyl (Relative to Xylose)
regions Fraction* Weightt Xyl Ara Glc Gal
Upper
(growing)  CaCl,-soluble 23 1 059 041 061
CaCl,-insoluble 35 1 319 0-24 531
Lower
(non growing) CaCl,-soluble 28 1 1-90 043 107
CaCl,-insoluble 31 1 4-49 016 496

* Extraction for 24 hr at 20° after prior extraction for 10hr at 0°. + mg/g of neutral detergent extracted cell wall.

from the amino acid composition of the fractions. A var-
iety of amino acid-carbohydrate bonds are possible [5]
and enrichment of a particular amino acid in any frac-
tion might indicate a bond between this amino acid and
a polysaccharide specific to the fraction.

Hypocotyl cell walls were fractionated as before.
Amounts of fractions, extracted walls, and protein con-
tents calculated from amino acid analyses are shown in
Table 4. Amino acid compositions of the fractions and
residues are shown in Table 5. The 0° soluble polymer
was not analysed as it has already been shown to contain
little extensin [7].

Figures for total protein/mg of sample shown in Table
4 confirm that little protein is removed with 10%, KOH
at 0° and most of it (77%) at 18-22°. The 24%, KOH
at 18-22° removed ca 55% of the protein not extracted
with 109, KOH, leaving ca 10% of the protein in the ori-
ginal depectinated walls.

Extraction with 109, KOH at 0° caused little change
in amino acid composition of the depectinated walls
(Table 4). Release of polysaccharide by 109, KOH at
0° does not therefore require f-elimination and conse-
quent destruction of serine. This is contrary to the wall
model of Keegstra et al. [2] which predicts that xylose-
containing polymer should not be extracted unless
accompanied by B-elimination of galactosylserine and

simultaneous extraction of protein. The 0° 109, KOH
soluble hemicellulose must be bound into the wall by
other more alkali labile links which might still involve
extensin.

Extensin from a wide variety of plants has proved to
be remarkably uniform in composition, especially with
regard to hydroxyproline levels (ca 30% in most cases
[5,14]), and confined almost totally to the cell wall. The
values reported here are similar to those already pub-
lished and attest to the efficiency of the neutral detergent
in clearing the walls of cytoplasmic protein.

Extraction of the 0° 107, KOH residue at 18-22° for
24 hr causes a marked change in amino acid composition
of the residual wall. As a percentage of amino acids in
the residue hydroxyproline and serine drop to about 75
and 50%; respectively of their values for protein of the
depectinated walls. The drop in serine probably indicates
that f-elimination of galactosylserine has occurred,
although serine is inherently unstable at high pH. The
increase in glycine values in the 18-22° 10 and 24%,
extracted residues also probably reflects this.

Compositions of proteins in the various fractions ex-
tracted by 109, KOH at 18-22° show considerable vari-
ation. Uncertainties due to dialysis losses and alkaline
degradation make it difficult to obtain a basis for com-
parison of the various fractions. The linear 1-4 hemicel-

Table 4. Extraction of polysaccharide and protein from depectinated Lupin hypocotyl cell walls

Weight of Protein % Extraction
fraction of depectinated
Wall mg/g depectinated mg/g depectinated cell wall
Extractant®* fraction wall mg/g sample wall protein
1. Neutral
detergent-EDTA Depectinated
100°, 3 hr cell wall 1000 243 243
2. 10% KOH, Total 0° 103 — —
0°, 8hr hemicellulose (288)t
Wall 765 330 252 0
3. 10%, KOH Total 18-22° 453 — —
18-22° hemicellulose 854yt
24 hr linear 1-4 230 133 305
CaCl,
insoluble 10-6 156 1-66
heteroglycan-B 41 163 0-67
Wall 627 89 563 77
4. 249, KOH Total 249, KOH 300 — —
18-22° hemicellulose
24 hr Wall 512 502 2:57 894

* Extractions in sequence. t Figures in parentheses weights after 24 hr dialysis, others after 48 hr.
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Table 5. Amino acids of the fractions and residues shown in Table 4 as a percentage of total amino acids for each analysis

Sample and amino acid content (%)

Extracted walls

109, KOH 10%, KOH, 18-22° polysaccharide fraction
Neutral
Am.ino detergent 0° 18-22° 24% KOH Linear 14 Cac(l, insoluble Heteroglycan-B
acid (a) (b () (d) (e) )] (®)

Lysine 9-40 9-59 623 553 9-85 934 640
Histidine 495 595 2:22 1-58 663 8:51 1-57
Arginine 0.99 097 1-33 0-81 054 1-69 361
Hydroxyproline 3108 2831 2102 29-58 3631 20:76 9-46
Aspartic acid 367 313 545 4-40 281 414 803
Threonine 251 2:09 222 1-65 1-80 235 372
Serine 10-34 10-65 4-67 227 9-74 664 1357
Glutamic acid 342 319 4-67 417 349 612 15-14
Proline 870 8:56 9-57 10-13 8-69 1247 248
Glycine 725 649 1479 1261 1-12 368 888
Alanine 272 2:52 300 307 227 287 374
Half-cystine — — — — — — —
Valine 478 479 534 507 4-61 559 355
Methionine 0-25 024 033 026 018 045 111
Isoleucine 223 221 412 457 " 143 225 307
Leucine 346 335 512 504 243 491 538
Tyrosine 511 479 323 199 650 4-50 441
Phenylalanine 272 2:67 617 648 0-87 201 279

lulose-B protein (Table 5) has a similar amino acid com-
position to that of the depectinated wall. This suggests
that the linear 1-4 hemicellulose-B protein is that which
has not yet been fB-eliminated from association with
polysaccharide. The heteroglycan-B fraction also has
relatively high serine levels. This latter polymer is how-
ever, a minor fraction which contains only a small pro-
portion of the neutral detergent extracted wall protein.

Hydroxyproline levels vary between residues and frac-
tions. In its glycosylated and non-glycosylated states it
is stable to both acid and alkali and is therefore not likely
to have been destroyed. Lack of enrichment of hydroxy-
proline in the residue suggests that its arabinosyl side
chains are not further attached to microfibril-linked
polysaccharide, contrary to the wall model of Lamport
(51

The variation in hydroxyproline levels suggests that
its distribution along the peptide chain is uneven. In the
CaCl, soluble linear 1-4 hemicellulose-B fraction there
are high levels of hydroxyproline and serine compared
with either the 10%, KOH 18-22° extracted wall or the
CaCl, insoluble material. This is possibly explained by
proximity of hydroxyproline and serine in the extensin
peptide chain. In the isolated fragments of extensin so
far sequenced the lowest hydrocyproline content was
60%; of constituent amino acids [6,15] and the fragment
in which galactosylserine was identified {6] had the com-
position Galactose, Serine, Hydroxyprolines Lysine,. In
most cases hydroxyproline and serine predominate so
that it appears that where galactosylserine links exist,
there is an enrichment of the polymer in hydroxyproline.
The linear 1-4 hemicellulose-B composition is consistent
with this, although galactosylserine links have not been
demonstrated. It is however, relevant that a high level
of hydroxyproline is present in a fraction with high serine
levels and in which the protein and polysaccharide have
shown parallel solubility in CaCl, S.G. 1-3 and precipita-
bility with I,KI.

The 24%, KOH extracted walls have a very low serine
level and compared with the 18-22° 10%, KOH extracted
walls are high in hydroxyproline. The lack of enrichment
in serine and its destruction during f-elimination of ga-
lactosylserine, known to occur under the conditions used
[6], suggests that the protein is not bound into the 24%
KOH extracted walls by galactosylserine, as suggested
in the wall model of Keegstra et al. [2]. Alkali stable
protein has been found in a variety of plants [14,15].
The nature of this tenaciously bound protein is of inter-
est in view of the suggestions [2,5] that the extensin-
polysaccharide complex of the wall matrix controls wall
extensibility by crosslinking between the cellulose micro-
fibrils. Whether or not covalent bonding is involved, the
alkali resistant wall fraction deserves further attention.

Extraction of 0° and 18-22° 10% KOH soluble polymer
fractions from depectinated cell walls by Urea and GTC

To assess the degree to which breaking non-convalent
bonds results in the release of the 0° and 18-22° 10%
KOH-soluble polymers depectinated (neutral detergent-
EDTA, 3 hr) cell wall was extracted with either urea or
GTC for 18 hr prior to the sequential extraction in 107
KOH at the above temperatures. The results are shown
in Table 6. GTC is a powerful chaotropic agent [16]
and is clearly more effective than urea in removing
polymer. It does so almost entirely at the expense of
the 0° 102, KOH soluble fraction to the extent of 607,
of that fraction.

The present work suggests that about 40%, of the lupin
hypocotyl hemicellulose is bound into the wall by non-
covalent bonds. Although a time course of GTC extrac-
tion has not been made, it would seem that since it was
not extracted after 16 hr, the 0° 105, KOH soluble frac-
tion not extracted by GTC is indeed bound into the
wall by other than hydrophobic or hydrogen bonds. The
extent of extraction of polymer during the initial stages
of the 0° extraction indicates that very alkali labile
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Table 6. Urea and guanidine thiocyanate (GTC) pre-extraction of polymer released from depec-
tinated cell wall by 10%, KOH

Polymer released (mg/g of depectinated

Wall fraction or cell wall)
extractant* (a)t (b) ()
8M Urea, 16 hr -1 S16 -
6M GTC, 16 hr 1433
10% KOH, 0°C, 6 hr 91-6 1449 1983
105, KOH, 18-22°, 20 hr 906 96-9 98-9
Wall residue 6816 6753 6779

* Extractions are in sequence. t (a). (b), and (c) differ in the pre-10%, KOH treatment, as shown.

1 Indicates extraction step omitted.

bonds, such as ionic bonds, are being broken. These are
unlikely to involve Ca’* stabilization [17] of polyur-
onide association as the EDTA in the neutral detergent-
EDTA used to extract the walls prior to the alkali treat-
ment effectively chelates Ca®* and for this reason is
highly effective in removing pectins. That the GTC sol-
uble material does not contain pectin is also suggested
by the ineffectiveness of GTC in removing polyuronide
from mung bean hypocotyl [18] or from lupin hypocotyl
(unpublished).

Monosaccharide compositions of the fractions in
Table 6 are given in Table 7. The GTC soluble polymer
differs from the 0° 102, KOH polymer in containing
most of the wall rhamnose. Some fractionation therefore
appeared to occur. This was confirmed when a compari-
son of hemicellulose-A levels from depectinated walls ex-
tracted with 6M GTC, 8M urea and 8M urea—CaCl,
respectively were compared. None of the denaturants re-
moved significant quantities of hemicellulose-A. The he-
micellulose-A, therefore, does not depend solely on hy-
drogen or hydrophobic bonds for its retention in the
wall but, as suggested by its rapid release by 105, KOH
at 0°. possible relies on weak ester linkages involving
uronic acids. The precipitation of hemicellulose-A which
occurs when alkaline wall extracts are acidified does in
fact depend on the protonation of carboxylic acid groups
so that aggregation of the polysaccharide chains can oc-
cur [17]). The inability of pectinase to remove more than
a small proportion of polymer from the depectinated
walls (unpublished) suggests that the uronic acids are
involved as side chains rather than as xylan-linked po-
lyuronide.

Results of the sequential extractions reported here sug-
gest the following bonds in lupin hypocoty! cell walls.
(1) Ca’* stabilized bonds involving uronic acids. When
these are broken by treatment with hot detergent-EDTA
or oxalate the pectic fraction is released. (27% of the
total cell wall). (2) Hydrogen or hydrophobic bonds
broken by 6M GTC to release at least 8% of the wall.
(3) Bonds very labile to 10°, KOH at 0° (but not to
6M GTC) and which when broken release the xylose
rich hemicellulose-A (95% removal of hemicellulose-A in

the first 4 hr of extraction). The hemicellulose-A is at
least 1-8%, of the total cell wall. (4) Bonds labile to 109
KOH at 0° but apparently less so than those involving
hemicellulose-A. and stable in 6M GTC. These probably
involve at least 49, of the total wall. (5) Bonds broken
in 10% KOH at 18-22°. These include some peptide
bonds and galactosylserine linkages and their rupture re-
leases at least 59 of the total wall including most of
the extensin. (6) Bonds not broken after 24 hr in 109
KOH at 18-22° but which are labile to 249, KOH at
18 22°. The 24% KOH releases at least 3%, more wall
after 24 hr. (7) Bonds stable in 245, KOH under the con-
ditions of (6). These appear to involve both protein and
hemicellulose.

While a large proportion of the lupin hypocotyl pri-
mary cell wall polymers are clearly not covalently bound
into the total polysaccharide—glycoprotein comples a sub-
stantial proportion of the wall 1s resistant to the action
of agents usually effective in breaking non-covalent
bonds. If cuprammonium solutions are capable of dis-
persing the whole undelignified cell wall it is likely that
their effectiveness is due partly to their alkalinity causing
degradation of a polysaccharide—glycoprotein complex.

It is apparent that a number of different covalent and
non-covalent linkages are involved in the binding to-
gether of plant cell wall matrix polymers. Their sequen-
tial disruption achieved in the experiments reported here
shows that different polymers are involved in greater var-
iety of linkages and in a manner different than suggested
in a recent model of the primary cell wall [2], where
the whole was united to form a glycosidically linked
macromolecule.

EXPERIMENTAL

Plant tissue. Lupin hypocotyls, 6 cm (entire unless otherwise
stated) were grown and prepared as previously described [10].

Cell wall preparation. Hypocotyls (300 g) were ground for
30 sec in dist. H,O in a Waring blender, filtered through sin-
tered glass and immediately extracted under reflux for 3hr
in 2 changes of 1-51. of neutral detergent-EDTA of Van Soest
[19]. The neutral detergent removes cytoplasmic material and
non-covalently bound protein and pectins from the wall. The

Table 7. Monosaccharide composition of polymers of Table 6, extraction sequence (a)

Monosaccharide (mg/g of depectinated cell wall)

Extraction Xyl Ara Man Gle Gal Rha
Guanidine thiocyanate 318 215 32 394 152 322
10% KOH, 0° 618 15-1 08 24 104 1-2
102, KOH, 18-22° 72 679 0 34 94 2:6
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walls were filtered, washed 2x by resuspending in hot dist.
H,0 and filtering, and finally washed with EtOH and then
Me,CO and dried at 40° for 18 hr. This gave depectinated
cell wall.

Extractions. Alkali extractions involved stirring on a mag-
netic stirrer in a sealed flask under N, for the specified time
and temp, using about 1g tissue/100 ml alkali. For the time
course, depectinated wall was subjected to a series of extrac-
tions. The number of each extraction in the sequence, the time
of filtering of each extraction (taken from the start of stage
1 in the sequence) and the temperature and duration of each
stuge are shown in Table 1. At the end of each stage the
walls were filtered and then immediately submitted to the next
extraction in the sequence. Except for non-dialysed samples
for amino acid analysis extracts were adjusted to pH 4-5 with
HOACc immediately after filtering and dialysed for 48 hr before

freeze drying. Non-dialysed samples for amino acid analysis

were neutralized with HC| and evaporated to dryness in a
rotary evaporator at 40°.

8M urea and 6M GTC extractions involved stirring with
a magnetic stirrer in a closed flask overnight at room temp.
using 0-5g cell walls to 100ml sol. The cells were filtered
and washed 2x by resuspending in dist. H,O and filtering.
Filtrate and washings were combined and dialysed for 48 hr.

Polysaccharide fractionations. Separation of hemicellulose-A
and hemicellulose-B was achieved by centrifuging the acidified
alkali extracts at 70000¢ for 1h after standing at 0° over-
night. The ppt. (hemicellulose-A) was resuspended in H,O and
freeze-dried. The hemicellulose-B supernatant (or total
polymer where hemicellulose-A not isolated) was dialysed and
freeze dried. The freeze dried hemicellulose-B was suspended
in CaCl, S.G. 1-3 by stirring for 18 hr and the soln clarified
by centrifugation at 70000g for 5 min. Where the CaCl,-
insoluble polymer was to be isolated the soln was then centri-
fuged at 70000g for 1 hr. The supernatant in each case was
fractionated into linear 1-4 linked hemicellulose and hetero-
glycan-B by precipitation with I, as described in ref. [8].

Carbohydrate analyses. 20 mg samples were hydrolysed with
72%, (w/w) H,SO, (0-7ml, 3 hr, room temp.) made up to 20ml
with dist. H,0 and refluxed for 3 hr. Hydrolysates were neu-
tralized with BaCO,, filtered and freeze dried. Monosaccharides
in the hydrolysate were analysed by GLC of their alditol ace-
tates [20] using a 2m x 2mm stainless steel column packed
with 3% ECNSS-M on Gas-Chrom Q.

Amino acid analyses were carried out by célumn chroma-
tography in an amino acid analyser on samples hydrolysed
for 16 hr in 6M HCL.

Acknowledgment—The authors wish to thank Mrs S. Brennan
for performing the GLC of monosaccharide derivatives.
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